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度的感染性 HPV16、HPV18、HPV6 和 HPV11 四种假病毒，电镜观察证实获得
的假病毒具有与天然病毒相同的形态，随后用标准中和单抗进行的鉴定证实假病
毒具有与天然病毒相似的感染性。这些结果说明获得的假病毒可以替代天然病毒
用于 HPV 生物学研究和 HPV 候选疫苗的保护性评价。 
我们用获得的四种假病毒对 29 种哺乳动物细胞进行了感染比较。发现
HPV16 和 HPV18 假病毒有很广的细胞嗜性，能感染人、啮齿动物和猴不同组织
的多种细胞系； HPV6 和 HPV11 假病毒能感染人的多种细胞系，但是基本不感
染啮齿动物和猴的细胞。该结果暗示“高危”型 HPV 和“低危”型 HPV 对细胞
的感染机制可能不同。基于多细胞感染结果，我们选择 293FT 细胞作为假病毒
感染靶细胞，建立了假病毒中和模型。 
本实验室已经筛选获得了 HPV16、HPV18 和 HPV6 的单抗各几十株，我们
用假病毒感染中和试验从中鉴定出 17 株 HPV16 中和单抗、9 株 HPV18 中和单
抗和 22 株 HPV6 中和单抗。滴度 高的 16 株 HPV6 中和单抗有 12 株能阻断
HPV11 假病毒的感染，其中 5 株单抗对 HPV11 假病毒的中和滴度能达到 104以
上，表明 HPV6 和 HPV11 具有共同的中和表位。鉴定出的这些中和单抗对于全















另外，用假病毒中和模型对本实验室研发的 HPV16、HPV18 和 HPV6 VLP
候选疫苗的免疫保护性进行了鉴定。中和试验结果表明， HPV16、HPV18、HPV6 
VLP 在小鼠、家兔和山羊中均能诱导出很强的中和抗体应答，具有很好的疫苗
应用前景。尤其值得注意的是，兔和山羊的 HPV6 VLP 免疫血清能有效阻断
HPV11 假病毒的感染，提示该 HPV6 VLP 候选疫苗可能对 HPV11 也具有交叉保
护性。我们进一步用不同剂量的 HPV16 VLP 候选疫苗免疫了 80 只小鼠，测得



















Human paillomavirus (HPV) infection causes virtually all cases of cervical cancer, 
the second most common cause of death from cancer among women worldwide, and 
external genital warts, threatening the health of human race severely.  
A complete life cycle of HPV depends on the differentiation process of epithelial 
cells, precluding proliferation of infectious virus particles from conventional cell 
culture, and only very limited virus particles can be extracted from patients’ tissues, 
which influenced the HPV research and evaluation of protection efficiency of HPV 
candidate vaccines. A variety of systems have been developed to overcome the 
limitation of the virus. Several types of infectious papillomaviruses can be obtained by 
human xenograft or organotypic raft culture, and pseodoviruses can be constructed 
using recombinant Semliki Forest virus (SFV), vaccinia virus and yeast expression 
systems. But all these systems are time-consuming, technically demanding and 
relatively low-yield. 
Based on the advances in the field of HPV study and the condition of our lab, 
plasmids containing the codon optimized HPV structural genes and reporter plasmid 
were co-transfected, successfully generating high titer infectious pseudoviruses of 
HPV16, HPV18, HPV6 and HPV11. Electron micrograph identified that the 
pseudoviruses we obtained were morphologically similar with the intact HPV, and 
subsequently, using control monoclonal antibodies, the pseudoviruses were found to 
infect mammalian cells like intact HPV, suggesting that the pseudoviruses could be 
used to study the molecular biology of HPV and evaluate the protection efficiency of 
HPV candidate vaccines.  
The 4 types of HPV pseudoviruses were utilized to study the sensitivity of 29 
mammalian cell lines derived from different tissues and species to HPV infection. 
HPV16 and HPV18 pseudoviruses could infect various cell lines derived from human, 















infect cell lines from rodent and monkey. These results suggested that different 
infection mechanism between “high-risk” and “low-risk” HPV types probably existed, 
and the secondary receptors employed by the two types of HPV were quite similar. 
None of the 4 types of pseudoviruses could infect lymphocytes, but they could infect 
myeloma cell lines, indicating that not the suspension condition, but absence of 
receptors determines the resistant of lymphocytes to HPV infection. Based on these 
results, 293FT cell line was choosed as target cells in HPV pasudoviruses 
neutralization assay. 
The neutralization efficiency of HPV16, HPV18 and HPV6 monoclonal 
antibodies generated in our lab were then evaluated by the respective pseudoviruses, 
and seventeen, nine and twenty-two neutralizing monoclonal antibodies (mAbs) to 
HPV16, HPV18, and HPV6 were identified respectively. Twelve of the sisteen highest 
titer HPV6 neutralizing mAbs could crossly block the infection of HPV11 
pseudovirus. The titer of five of cross-reactive mAbs even reached to 104 or over, 
indicating that common epitopes exist on the surfaces of HPV6 and HPV11. Thus, all 
these neutralizing mAbs can be used to thoroughly elucidate the neutralizing eptitopes 
of HPV and evaluate the quality of HPV vaccines. 
The pseudoviruses were also employed to evaluate the protection efficiency of 
HPV16, HPV18, and HPV6 VLPs that were successfully expressed and purified in 
large scale in our lab, and the VLPs were found to be highly immunogenic in 
vaccinated experimental animals, inducing high titer of neutralizing antibodies (>106) 
after the second administration, which demonstrated a great potential to be used as 
HPV vaccines. One important phenomenon we observed was that the antisera to 
HPV6 VLP could also block the infection of HPV11 pseudovirus, suggesting that 
HPV16 VLP administration could prevent HPV6 and HPV11(maybe also other types) 
infections. To investigate a suitable dose of candidate HPV16 VLP vaccine, eighty 
mice were vaccinated with serial diluted HPV16 VLP and the ED50 was identified to 
be 0.0136μg, which will guide us in the determination of an appropriate dose of 
HPV16 vaccine in clinical trial studies.  


















APCs：Antigen Presenting Cells，抗原呈递细胞 
bp：base pair，碱基对 
BPV：Bovine Papillomavirus，牛乳头瘤病毒 
CIN：Cervical Intraepithelial Neoplasia，宫颈上皮内瘤样病变 
CRPV：Cottontail Rabbit Papillomavirus，棉尾兔乳头瘤病毒 
CTL：Cytotoxic T Lymphocyte，细胞毒 T 淋巴细胞 
DNA：Deoxyribonucleic Acid，脱氧核糖核酸 
ED50： Median Effective Dose，半数有效剂量 
EGFP：Enhanced Green Fluorescent Protein，增强型绿色荧光蛋白 
ELISA：Enzyme-linked ImmunoSorbant Assay，酶联免疫吸附测定 
EV：Epidermodysplasia Verruciformis，疣状表皮发育不良 
FBS：Fetal Bovine Serum，胎牛血清 
FCM：Flow Cytometry，流式细胞仪 
FDA：Food and Drug Administration, 美国食品及药品管理局 
GFP： Green Fluorescent Protein，增强型绿色荧光蛋白 
HIV：Human Immunodeficiency Virus，人免疫缺陷病毒 
HPV：Human Papillomavirus，人乳头瘤病毒 
HRP：Horseradish Peroxidase，辣根过氧化物酶 
HSPG：Heparan Ssulfate Proteoglycan，硫酸乙酰肝素蛋白聚糖 



















kb：kilo base pair，千碱基对 
kD：kilo Daltons，千道尔顿 
LCR：Long Control Region，长控制区 
mAb：monoclonal antibody，单克隆抗体 
MHC：Major Histocompatible Complex，主要组织相容性复合物 
MOI：Multiplicity of Infection，感染复数 
MVA：Modified Vaccinia Ankara，经改造的安卡拉株痘病毒 
MW：Molecular Weight，分子量 
NK：Natural Killer，自然杀伤细胞 




SCID：Severe Combined Immunodeficiency，严重联合免疫缺陷 
SEAP：Secreted Alkaline Pphosphatase，分泌型碱性磷酸酶 
SFV：Semliki Forest Virus，塞姆利基森林病毒 
SIL：Squamous Intraepithelial Lesion，鳞片上皮内损伤 
SV40：Simian vacuolatiny virus，猿空泡病毒 40 
Th：Helper T lymphocyte，辅助 T 淋巴细胞 


















1. HPV 生物学 
乳头瘤病毒（PV）属于乳头瘤病毒科（papillomaviridae），包括 100 多种小
的、无包膜的 DNA 病毒，广泛分布于自然界中，能感染哺乳动物和鸟类。 
1907 年 Giuffo 研究发现人疣状病变由病毒感染引起，1933 年 Shope 从棉尾
兔（cottontail rabbit）体内首先分离到第一株乳头瘤病毒。但直到上世纪 70 年代，
随着分子生物学技术的发展对乳头瘤病毒才有了较为深入的认识[1]。1981 年 zur 
Hausen 等提出人乳头瘤病毒（HPV）感染可能是宫颈癌的病因[2]，随后研究人员
从宫颈癌的活组织切片中分离出了 HPV16 和 HPV18[3, 4]。之后随着多株 HPV 的
分离和分子生物学的发展，对 HPV 的研究进入了快速发展时期，HPV 的病毒结
构、生活周期、致病机制、流行病学等问题得到了深入和广泛的研究，这些研究
对于预防和控制 HPV 相关疾病有极为重要的作用。 
1.1. HPV 病毒结构 
 
 
图 1：HPV16 基因组结构图[1] 
Fig. 1: Scheme of HPV16 genomic structure 
 
















读框（open reading frame,ORF）和编码晚期衣壳蛋白（L1 和 L2）的 ORF，所有
这些 ORF 均位于同一条 DNA 链上。LCR 中含有大部分的顺式作用元件，可以
控制早期、晚期基因的表达和病毒组装。 
HPV 的衣壳是由主要衣壳蛋白 L1和次要衣壳蛋白 L2组成的 T=7的正二十面
体结构，每个完整的病毒颗粒含有 72 个 L1 蛋白五聚体和 12 个 L2 蛋白分子，无
包膜，直径约 55nm。 L1 和 L2 蛋白在终末分化的上皮细胞中才大量表达，其中
L1 蛋白单独表达即可组装成完整的病毒衣壳[5]，但 DNA 包装能力很低[6]。L2 蛋
白的 N 端可与病毒 DNA 结合，因而 L1 和 L2 蛋白共表达可显著提高病毒衣壳
包裹 DNA 的能力[6]，同时 L2 蛋白对于 HPV 的感染也有重要作用[7]。 
 
 
图 2：HPV16 L1 VLP 原子模型[8] 
Fig. 2: View of the molecular surface of the atomic model of HPV16 
 
HPV 各蛋白的功能见表 1，早期基因在病毒感染的早期表达，E1 和 E2 蛋白
共同调节病毒的转录和复制。E1 是一个六聚体的解螺旋酶，与细胞的 DNA 解螺
旋酶具有功能和结构的同源性，能在LCR内的E1依赖性的复制起始位点（E1 ori）
处结合 DNA 聚合酶 α和伸展的 DNA[9]，对于早期的病毒基因组复制和基因组在
基底上皮层中的维持极为重要。E2 蛋白能调节 HPV 蛋白的表达，也能增加 HPV
基因组的遗传稳定性[10]，还作为 E6 和 E7 的转录抑制子与 LCR 作用。如果病毒
基因组整合到宿主染色体上后丢失 E2 基因，对 E6 和 E7 的负调控就会终止，将
促进宿主细胞的转化。E5、E6 和 E7 基因是癌基因，可调节对靶细胞的转化，而














Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
